INTRODUCTION {#s1}
============

Unlike anabolic androgenic steroids, selective androgen receptor modulators (SARMs) have tissue-selective activities. They express anabolic effects in the bone and muscle tissues, without causing androgenic side effects such as acne and prostate enlargement.^[@R1]--[@R4]^ Therefore, they became popular among athletes. They are under investigation for the treatment of muscle wasting in cancer patients and osteoporosis; however, their use is not approved by the US Food and Drug Administration (FDA) and by the World Anti-Doping Agency.^[@R1]--[@R6]^ FDA issued a warning against using SARM because of potential liver injury.^[@R7]--[@R10]^ We report a case of severe drug-induced liver injury (DILI) secondary to Ligandrol (LGD-4033).

CASE REPORT {#s2}
===========

A 32-year-old white man without any chronic medical problem was admitted to our hospital for elevated liver enzymes and jaundice. His other symptoms included fatigue, pruritus, and weight loss that started approximately 50 days before presentation. He reported that he took 1 mL (10 mg) of Ligandrol (LGD-4033) daily for approximately 2 weeks for muscle building (approximately a total of 15 mL of Ligandrol). Subsequently, he started feeling ill, had diffuse pruritus and body aches, and followed by jaundice. He was admitted to an outside hospital for 24 hours. He denies taking any other supplements, over the counter, or prescribed medications. His medical, social, surgical, and family histories were noncontributory. The review of systems included diffuse itching, jaundice, acholic stool, intermittent abdominal pain that was associated with nausea, and 40 lbs of weight loss. Physical examination revealed an ill-appearing malnourished man with icteric sclerae and excoriations on the extremities. He had no asterixis or other signs of hepatic encephalopathy.

The initial laboratory test results were aspartate aminotransferase 91 IU/L, alanine aminotransferase 229 IU/L, alkaline phosphatase 88 IU/L, total bilirubin 2.4 mg/dL, and albumin 3.8 g/dL. Laboratory results at our hospital were aspartate aminotransferase 33 IU/L, alanine aminotransferase 45, alkaline phosphatase 425 mg/dL, total bilirubin 35.0 mg/dL, direct bilirubin 26.8, and albumin 3.5, international normalized ratio 1.1 (Figure [1](#F1){ref-type="fig"}). Serological markers for acute hepatitis A, B, and C were negative. Iron level was 56 mcg/dL, total iron-binding capacity 246 mcg/dL, iron % saturation 23%, ferritin 422 ng/mL, ceruloplasmin 57 mg/dL, and alpha-1-antitrypsin 196.4 mg/dL. Serum antinuclear antibody, antimitochondrial antibody, antismooth muscle antibody, and anti--liver-kidney microsomal antibody were negative. Immunoglobulin G level was 748 mg/dL. Abdominal ultrasound and computed tomography revealed hepatomegaly. The magnetic resonance cholangiopancreatogram showed small hepatic cyst and splenomegaly and no intrahepatic or extrahepatic biliary dilatation. The patient underwent a transjugular liver biopsy that showed cholestatic hepatitis with mild portal, periportal, and perisinusoidal fibrosis consistent with a DILI in the setting of Ligandrol use (Figure [2](#F2){ref-type="fig"}). No hyaline globules were seen on periodic acid--Schiff--diastase stain. Iron stain showed 2+ staining of the hepatocytes.

![Serum total bilirubin, alkaline phosphatase level, and aminotransferase levels since the patient started taking 1 mL (10 mg) of Ligandrol daily for 2 weeks and then stopped. Day 22 shows the laboratory values approximately 1 week after the patient stopped Ligandrol. ALT, alanine aminotransferase; AST, aspartate aminotransferase.](ac9-7-e00370-g001){#F1}

![Liver biopsy showing (A) liver parenchyma with canalicular bile plugs (arrows) and (B) portal tracts with mild chronic lymphocyte-predominant inflammation and canalicular bile plugs (arrows). The bile duct is preserved and unremarkable (Hematoxylin and Eosin stain 200×).](ac9-7-e00370-g002){#F2}

DISCUSSION {#s3}
==========

The patient took Ligandrol, which was sold over the counter as a muscle-building supplement. Ligandrol contains LGD-4033 \[4-((R)-2-((R)-2,2,2-Trifluoro-1-hydroxyethyl)pyrrolidin-1-yl)-2-(trifluoromethyl)benzonitrile\] that is also known as VK5211.^[@R11]^ SARM acts as a ligand that enters the cell by diffusion and binds to the androgen receptor in the cytoplasm, forming receptor/ligand complex that translocates to the nucleus where it binds to the DNA and acts as a transcriptional regulator of androgen-responsive genes.^[@R4],[@R12],[@R13]^

A placebo-controlled randomized clinical trial of LGD-4033 conducted on 76 healthy men showed no serious adverse effects and no significant change in serum aminotransferases at daily doses of 0.1, 0.3, and 1 mg over 21 days.^[@R14]^ Our patient took 10 mg of LGD-4033 daily, which is 10 to 100 times higher than the daily doses (0.1 mg, 0.3 mg, and 1.0 mg) administered in this clinical trial.^[@R14]^ Hepatotoxicity because of drugs can be intrinsic (dose-dependent) or idiosyncratic (not dose-dependent), and most cases of DILI are due to idiosyncratic reactions, and drugs with idiosyncratic DILI have a dose-dependent component.^[@R15]^ This information suggests that the patient\'s DILI was either intrinsic or idiosyncratic with a dose-dependent component. We did not do genetic testing to test for hepatic transporter protein abnormalities or other genetic abnormalities that can predispose the patient to DILI. However, polymorphisms of hepatic transporter proteins increase the risk of drug-induced cholestatic injury.^[@R16]^ It is also possible that the Ligandrol that the patient took had other different unapproved drugs.^[@R5]^

After ruling out other possible causes of acute liver injury, a diagnosis was made based on the timing of the administration of Ligandrol, the improvement of total bilirubin, alkaline phosphatase, and aminotransferases after the patient stopped taking it, and the liver biopsy findings. In conclusion, we reported a severe Ligandrol (LGD-4033)-induced hepatotoxicity. Despite FDA\'s warning, Ligandrol and other SARMs continue to be sold over the counter and via the internet as body-building products.^[@R7]--[@R10]^ Therefore, a higher level of regulations for these products is required to prevent future life-threatening hepatotoxicity and potential cardiovascular adverse events.
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